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Improvements in or relating to in-mlfi marlcing of metal products. 

©The inventton provides a method of marking a metal 
product comprising the steps of producing a laser capable of 
visibly thermally affecting the surface of the product con- 
cerned, directing the laser at the product and controlling the 
operation and direction of the laser to apply thereby a 
required marking to the surface of the product. 
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Improvements in or relating to in-Tiilll 
marking of Metal Products* 

This invention relates to the in-mill marking of metal products- The 
invention is particularly concerned with the marking of finished or 
semi-finished metal products, especially, although not exclusively, the 
in-mill marking of ferrous material. 

It is common practice to provide in-mill marking of various kinds 
of products to identify, for example, the mill or works; the manufac- 
turing company; the quality of the product; and/or the constituents of 
the product. 

Such marking is commonly accomplished by stamping or by painting 
the product or by applying appropriate labels to the product. Each of 
these methods of marking intrinsically Incorporates a number of dis- 
advantages and drawbacks which include, respectively, the introduction 
of high stress areas in the product, considerable maintenance cost when 
using automatic paint spraying equipment (or alternatively high labour 
requirements and labour errors with hand painting) and the problem of 
ensuring that labels remain securely attached to the products for as 
long as required. 

It is an object of the present invention to provide In-mlll marking 
which overcomes or at lease substantially reduces the disadvantages 
hereinabove mentioned. 

According to one aspect of the present invention there is provided 
a method of marking a metal product comprising the steps of producing a 
laser capable of visibly thermally affecting the surface of the product 
concerned, directing the laser at the product and controlling the 
operation and direction of the laser to apply thereby a required 
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marking to the surface of the product. 

According to another aspect of the present invention there 1b 
provided apparatus for marking a metal product comprising a laser device 
and control means for operating the device such as to enable the laser 
to be directed towards and thermally mark the product in a required 



manner • 



By use of an appropriate power of laser generated, use of a 
suitable form of radiation, together with an appropriate traverse speed. 
It has been found possible to mark the surface of the product with a 
visible legend without sigalficant gouging scoring or marking of the 
product and without, therefore, having any significant below-surf ace 
effects upon the product. 

It has been found possible to produce a inark varying on a ferrous 
product from a silver grey colour legend to an apparently black, 
slightly idented legend. 

One form of suitable laser vaporises a small quantity of metal to 
create the required marking. However the metal adjacent the vapourised 
mark is metallurglcally subject to minimal micros tructure change. 

Facility for focusing the laser beam may be provided. Most 
importantly this enables maximising energy density on the product 
without necessarily increasing laser energy In any given situation. 

The marking characteristics can be varied by applying "spot wobble- 
techniques to the laser control mechanism to ensure a certain degree of 
oscillation of the laser and therefore spread of its Impact upon the 
product, and similarly by Initiating the laser In a pulsed manner and by 
varying the frequence of the pulse. Yet again the heaviness of marking 
can be increased by repetition of the laser traverse, and/or by 
increasing the traverse time. 

Accelerated artificial weathering tests of 1000 hours have shown 
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that the markings on products subjected to the Invention can be 
extremely durable and visible after considerable weathering experience. 

Whilst the laser marking according to the Invention can be applied 
to a -product In a crude semi -finished surface state, we have found It 
particularly advantageous to apply the laser marking to a product 
surface which has been provided with a coating of paint or a slnillar 
coloured surface coating suchjthat^he_laserj>urns the coating as welj^ 
as surface working the product. We have found that with this arrange- 
ment the visibility Is greatly Increased, particularly after weathering 
the product concerned. In such cases It Is usually found that corrosion 
of the laser marked legends provides Increased contrast with the back- 
ground coated surface and Indeed can well Improve visibility of the 
marking over a considerable period of time. The painting or similar 
coating of^e^fiurface may additionally be used to provide a coloured 
codi ng in relation to any particular desired characteristics of the t 
product concerned. 

It Is to be noted that the strength of laser marking and the depth 
of marking and the type and thickness' of paint and type of painting 
technique can be varied in dependence upon known subsequent processing 
stps of the product concerned. Thus, for example where plates to be 
subjected to subsequent heat treatment and/or cold levelling are to be 
marked, appropriately adherent sprayed paint" may be used, or a deeper 
penetrating laser, or the use of paint may be omitted to ensure greater 
laser marking of the plate itself. 

Control of the laser device is conveniently arranged from a 
computer memory and alphanumeric characters or other symbols may be 
marked upon the product from such a computer memory either by using a 
keyboard or directly from a stored programme. Writing times are of 
course variable and depend, inter alia , on the previously mentl ned 
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laser control parameters. We have found however that It la possible for 
example to mark 43 characters of 8 x 8 mm dimensions upon a yellow 
primer painted steel product with good resultant visibility In 14 



seconds • 



conveniently operation of the marking arrangement Is in association 
with viewing of the product by a camera, such as a TV camera, to enable 
immediate visual feedback to a remote operator, for example on a visual 
display unit, of the marking operation. 

The invention is particularly applicable to the marking of steel 
plate strip or sections, and may be carried out in a f ormingmill in a 
cooling stage between processing steps. 

The laser arrangement may be carried on a small Jib crane or a 
gantry disposed above the product path. 

in order that the invention may be more readily understood one 
embodiment thereof will now be described by way of example with 
reference to the accompanying drawings in which:- 
Figure 1 18 a schematic isometric view of one form laser marking 
apparatus in accordance with the invention; and 

Figure 2 is a schematic side elevation of a second for- of apparatus 

according to the invention. 

The apparatus illustrated in Figure 1 is intended for use In a . 
steel plate mill axul is located above rollers 1 carrying plates through 
a cooling zone prior to their passage through a guillotine section. 
Plates in this zone are dropping in temperature from approximately SOO'C 

to approximately 100*C. 

The apparatus includes a gantry 3 located above the plate path 
rollers 1. Mounted on two upper rails A of the gantry 3 Is a carriage 
5 carrying twin lifting and lowering screws 6 to the lower ends of which 

are attached a marking head 7. 
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ba ..e« the ,u.rklns he.d be lowered upon . plate 2 

locted on It. roller, beneath the gantry 3- 

the .arUlng he.. 7 Incorporate, a n.lt 8 for de.callns • P"tlo» 
.he .urtace of the plate and for applyins pri-r paint to the de.caled 
portion of the .urfac. of the plate. and a la.er ,nn unit for applylns 
.pproprlate ^r.lng .ybol. to the painted de.oaled portion of the 

surface of the plate. 

Shook .b.orber. 9 be provided on the ^rKlns head 7 to prevent 
an, da-age vhen It 1. lo..r«l into contact .1th the plate. 

control of the carriage and the depending »arWng head 1. via a 
po-ar cable 1 fro. a control ~d„le 11 Incorporating a .icro-pr„ce..or 
conputer circuit b, ..aa. of vhich the la.er a..e.bl, be controlled 
to apply the r.,ulred ..rKlng. to the pl.t.. Alongaide the control 
.odule 11 1. a visual di.pl.y unit 12 and gantry control, for an 
operator* 

J ^c^^M*. as will be appreciated from the 
It has been found possible, as wixx 

»bodi..nt llluatrated In «gur. X. to apply la.er ..r^ng In accordance 
.1th the invention to at.el plat. .urface. to .hlch ha. prevlou.ly been 
applied a high te.per.tur. .arming pal.t -1th the plate at a te.perature 

approaching 900* C. 

X„ one example of the use of the apparatus illustrated a laser gun 
operating at 20.0 a.ps with a frequency of 10 KHz and an output power of 
50 watts .ulti.ode. with zero "spot wobhle". produced 12 alphanumeric 

characters of height 24 ^ in 22 seconds. The .arming was found to he 

easily readable, exact, and uniform in thickness. 

«^ i« of Infrared radiation and its control Is hy 
The laser concerned is of inirareu 

Hrlven by a computer, focusing 
„ean8 of a pair of galvanometer mirrors driven by 

being by means f a lens. 

J >^ » laser oroduces changes in 
Whilst the local heating produced by a laser pr 
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the surface layer of the steel produce concerned, it does not add any 
heat stress Immediately below the surface and therefore has n detri- 
mental effect upon the product. 

The apparatus of Figure 2 has the same purpose of that of Figure 1 
and Is broadly similar in function. However to Increase operation 
safety and cleanliness of the laser unit, a retractable arrangement for 
the laser unit Is provided. 

The apparatus includes two rolls 13 level with a plate roller table 
(not shown). The rolls 13 are adjacent a support structure U carrying, 
via anti-vibration mounts 15. a structure 16 movable on slides 17 by 
means of a ballscrew 18, driven from motor 29, between the operational 
position illustrated and a retracted position Indicated at 19. 

The structure 16 carries a laser unit comprising a laser head 20, 
a polariscr 21 an aperture 22, an auto-focus unit 23 of a kind more 
fully described herelnbelow, and an air-curtain arrangement including 
depending bellows 24 to prevent Ingress of dust to the unit and ensure 
safe use of lasers. Also Included in the unit is a switch 25, a further 
aperture 26, a rear mirror 27, and a photo-detector 28. 

The structure 16 is housed within a safety frame and dust cover 30 
having a spring-loaded flap type of front opening 31. 

m operation, a prepared and painted plate 32 to be marked Is moved 
on to the rolls 13, the laser unit on structure 16 is moved from cover 
30 and bellows 24 lowered to the surface of the plate. Computer 
controlled laser marking Is then carried out on the plate surface, 
whereafter the bellows 24 and structure 16 Is retracted and the marked 

plate moved away. 

For in-mill marking of the kind described In the tw examples 
hereinabove set ut, an auto-focussing facility for the laser can be of 
considerable practical importance In ensuring effective marking. Thus, 
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la practice the workplece cannot be moved because of Its sire and 
weight, so that to ensure sharp focussing it is necessary to move the 
laser or optical arrangement. This can be done by means f a servo- 
motor acting on the focussing lens or on the total optical arrangement. 
The "aim" point of the servo control is provided by a position sensor 
providing a position control over a distance of, say, 50 + 15mm (50 mm 
being in this case the nominal distance from the optical arrangement to 
the product). Sensing over this range may, for example, be by means of 
a non-contacting inductive sensor having an output proportional to 
position. 

It is to be understood that although the invention has been 
particularly described in relation to the application of identification 
and similar marlcing, it can be utilised in the provision of the mark.ing~ 
out of products for sizing and/or subsequent cutting processes* 



-8- 

0085484 

CIA IMS 

1. A method of marking a metal product comprising the steps of 
producing a laser capable of visibly thermally affecting the surface 
of the product concerned, directing the laser at the product and 

controlling the operation and direction of the laser to apply thereby 
a required marking to the surface of the product. 

2. A method as claimed in Claim 1 wherein the product is provided 
with a coloured surface coating prior to laser marking. 

3. A method as claimed In Claim 1 wherein the coating Is provided 
with a heat resistant paint. 

4. A method as claimed in any one of the preceding claims wherein the 
laser and its operation are arranged such as to vaporise metal from the 
product surface to produce a visible mark, 

5. A method as claiioed in any one of the preceding claims wherein the 
operation of the laser during marking is computer con^trolled. 

6. Apparatus for marking a metal product comprising a laser device 
and control means for operating the device such as to enable the laser 
to be directed towards and thermally mark the product in a required 
manner. 

7. Apparatus as claimed In Claim 6 wherein operation of the laser de- 
vice is by computer 

8. Apparatus as claimed In Claim 6 or 7 wherein auto-focussing means 
are provided for focussing the laser on the surface of the product. 

9. Apparatus as claimed in Claims 6,7 or 8 including means for 
applying a coloured coating to the surface of the product prior to 
laser marking. 
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10. A method of narking a metal product substantially as herein- 
before described with reference to Figure 1 or Figure 2 f the 
accompanying drawings. 

11. Apparatus for marking a metal product substantially as shown in 
and as hereinbefore described with reference to Figure 1 or Figure 2 
of the accompanying drawings. 
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